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Fanout Upgrade for a Scalable S^tching Network 



Background - Mdd of Invention 

This invention relates to redmid^t multistage switching networks, specifically to the non-stop 
addition of new ports to all routeins of each row of mch a netwrak. 

Background - Discussion of Prior Art 

Many multistage switdiing networks m-e defined primarily as binary based Some of these 
networks have been g^eralized for arbitrary fanouts. 

fig. 1 A shows an 8-port binary Banyan network. Banyan networks are an exarr^le of multistage 
switching networks that have been generalized to arbitrary &nouts. ilg, IB shows a 27-port 
ternary Banyan network. Both exan^les have the same numb^ of rows. 

There is no known investigation of the process of upgrading the fanout of Banyan networks. 
There are two likely reasons why such an upgrade path is undesirable. First, most 
implemaitations of switching networks using the Banyan architecture en:^loy q^ecific binary 
sorting algorithms to route trafiic. Second, an upgrade of an /shstage 2"^^-part bnmy network to 
an n-stage 2x3"-port ternary network or n-stage 2x4''-port quat^ary netwoik would entail an 
exponential growth in number of ports required. From the exan^les already showtt, this is a very 
large number even for the small numbers conisidered here. 



Ofajecte aad Advantages 

AcGoidingly, the several objects and advaat^s otmy tav^^m are: 

<a) to provide a procedure by which a redimdant multistage switching netwOTk can be upgraded 
by expanding the mmA^&t of ports pa: router without having to break an exteamal ccMinection; 
and 

<b) to provide a procedure by which a redundant tnoltistage switching netwOTk can be upgraded 
by expanding (lie miimber of ports per roitfer wffli a miniiimin loss in throu^ut bandwidth. 

Further objects and advmttages of our inveotiffli will become apptam from a consideraticm of 
the drawings aad msemg desa^^tion. 
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Description of Drami^ 

Vig. 1 A i^ows a 16 prat binary Banyan multistage switching network with three rows, (prior art) 
5 f^. IB shows a 54 port teniary Banyan niuMstagesnvitching network 

F^. 2 shows a 30 port redundant blocking conqjensated cyclic group (RBCCG) multistage 
switching network Hasbed areas rq)resent slots for adding ports (prior art) 

10 Kg. 3A shows a 30 port RBCCG multistage switching network where all rooters have been 
augmented by 2 ports each, resulting m a 40 port svwtchmg n^ork 

Fig. 3B shows a section of a 40-port RBCCG multistage switchmg network vwth the propw 
mterconnectiGa n^ork between two mm of roid:»s. 

15 

Fig. 4A, Fig. 4B, Fig. 4C, lig. 4D, Fig. 4E, Fig. 4F, Fig. 4G, Kg. 4H, Kg. 41, Kg. 4J, Kg. 4K, 
Kg. 4L, Kg. 4M, Kg. 4N, Kg. 40, and Kg. 4P show the connections betwem router rows 
H R(I,*) and R(2,*) being rewired into a 40 port RBCCG multistage switchkg network 
^' interconnection by adding a connection between bottom port 3 of R(l,4) and top port 3 of R(2,4); 
||) addmg a connectiott between bottom port 3 of R(l,3) and top port 3 of R(2,0); moving the 
connection from top port 2 of R(2,4) to top port 3 of R(2,3); moving Ae connection from top port 
p 2 of R(2,3) to top port 3 of R(2,2); moving the connection from top port 2 of R(2,0) to top port 2 
^ of R(2,3); movmg the connection from top port 2 of R(2,2) to top port 3 of R(2,l); moving the 
ffi connection from top port 2 ofR(2,l) to top port 2 ofR(2,4); addmg a connection between bottom 
J5 port 3 of R(l,2) and top port 2 of R(2,l); movmg the comiection from top port 1 of R(2,4) to top 
O port 2 of R(2,2); moving the connection from top port 1 of ^2,2) to top port 1 of R(2,4); adding 
j^^ a connection between top port 1 of R(2,2) and bottom port 3 of R(l,l); moving the connection 
g from bottom port 0 of R(l,l) to bottom port 3 of R(1,0); moving the connection from top port 1 
^: ofR(2,3)totop port 2 ofR(2,0); moving the c<Bmecti<Hi from top port 1 of R(2,l)tatop part 1 of 
R(2,3); moving the c<Hmecti(m &om top port 1 crfR(2,0) to top pwt 1 of R(2,l^ movii^ tte 
connectifln from bottom pat 1 of R(l,l) to bottom port 0 of R(1,1X respectively. 

Wig, 4Q siiows: a pattialty upgrade 40 port nailtistage switching network with a cooqjleted rewire 
of the interconnections between rooter rows R<1,*) and 1^2,*) ad&g a c(nmecti<m tetween 
35 bott<mtport 1 crfR(l,l>attd tqrport 1 of R(2,0> 

Fig. SB shows a partially iqxgrade 40 pent mnMstage switching network with a completed rewnre 
of the mtercomtecthHts^betweat nniter rows 1^0,*) and R(l,*> 

40 Kg. 5C shows a partially iqxgrade 40 port multistage swftchmg network with a con^eted rewke 
of tire ^ercamD^:tkxBs between rooter rows R(2,*) mi R(3,*) 

Kg. 6A, Kg. Kg. 6C, Kg. 6D, Kg. 6E, F^. fiF, Kg. 6G, Kg. 6H, Kg. dl. Kg. 6J, Kg. ^ 
Kg. 6L, Kg. as, Fig. ©i. Fig. 6G, Kg. 6P, Kg. 6Q, Kg. ^ Kg. 68^ Kg. dT, F^ dU, Kg. 
45 dVand F^. dW siiow the ccamections between router rows R(l, *) and R(2, *) being rewfred in 
as alternate metteni a ^prat RBCCG mnltistage swftchfa^ network intercoiHtectioa by an 
alternate method. First, by swapping bottom ports 1 and 0 of R(l,l); swapping bottom ports 2 
and 1 (rfR(l,l); smpprng Irottcmt piHts 0 ami 3 of R(l,2); swsQqm^ Irottmrt ports 2 and 0 of 



R(l,2); sv^^ping bottom ports 0 and 2 of R(l,3); swapping bottom ports 1 and 3 of R(l,3); 
swapping bottom ports 0 and 1 of R(l,4); swapping bottom ports 0 and 2 of R(l,4); swapping 
bottom ports 0 and 3 of R(l,4); swapping top ports 2 and 3 of R(2,4); swapping top ports 1 and 2 
of R(2,4); swapping top ports 2 and 3 of R(2,3); swapping top ports 2 ^d 3 of R(2;2); swapping 
top ports 1 and 2 of R(2,l); and finally, swapping top ports 2 and 3 of R(2,0), respectively. 
Second by adding a connection between bottom port 0 of R(l,4) and top port 3 of R(2jl); adding 
a connection between top port 2 of R(2,3) and bottom port 1 of R(l,3); adding a connection 
between bottom port 2 of R(l,2) and top port 2 of R(2,0); moving tite connection from top port 1 
of 1^2,1) to top port 2 of R(2,2); moving the connection from top port 1 of R(2,2) to top port 1 of 
R(2,4); adding a connection between top port 1 of R(2,2) and bottom port 3 of R(l,l); moving 
the connection from top port 0 of R(2,3) to top port 1 of R(2,l); adding a connection betwem top 
port 0 of R(2,3) and bottom port 3 of R(1,0) , respectively. 

Rg. 7A, Big. 7B and Wig. 7C show the algorithm for expanding the &nout of the con^jonent 
routers of a conq^ensated cyclic group multistage switching network^ Fig. 7A shows the most 
general algorithm, wdiile Mg. 7B shows a more specific algorithm. 



lig. 8A and Fig 8B show two different algorithms for selecting the order the hiterccmnections 
should be rewhed. 

lig. 9A, Rg. 9B, and Rg. 9C i^ow three different algorithms fi)r selectmg which port tt) rewire 
during the rewiring phase. 

Rg. 10 shov^ an algoritittm for relabeling ports to hnprove &e effici^cy of the upgrade pmceias, 

Rg. 11 shows the flowchart for the fimout upgrade algorithm shown in Rg. 7A and Rg. 7C. 

Rg. 12 shows the flowchart for the &nout iqjgrade algorithm shown in F%. 7B and Rg. 7C. 

Jig. 13A and Rg. 13B ^ow the flowcharts fi)r the row selection algorithms shovwi m Rg. 8A 
and Rg« 8B respectively. 

Rg. 14A, Rg. 14B and Rg. 14C show the flowcharts for the port selection algorithms shown in 
Rg. 9A, Rg. 9B and Rg. 9C, respectively. 

Rg. 15 shows flowchart for the relabeling algorithm shown in Rg. 10. 
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Summary 

A multistage switclimg netwodk can be txpmied by adding ports to existing switching elements 
without breaking any external connections. 

5 . 

If the switching elements are rout^ or have the ability to route traffic the e:q)ansion nmy be 
performed without severely disrupting its ability to route traflSc, provided that the routers 
themselves have the capability of having ports added while still in operation. Any number of 
ports may be added in any position as long as there are is an equal number added to both top and 
10 bottom ports. In general, these ports mui^ be reassigned logically so the position of the nev/ ports 
is irrelevant. 

The finout upgrade process has three constituent con^onents. The firs* conq>onent is to install 
new^ Une cards to provide each router with new ports. 

15 

The ^cond conqponent has two types steps of which one is optional The first type is to select a 
port that is misconnected in reference to the desired topology and to rewire it to its appropriate 
^ counterpart. The second type is optional and is the permutation of ports on the same router vdiich 
^ results in a correct port being connected to the correct router. If such a permutation can be 
3() performed logically, traffic need not be disnq)ted. These two t^pes of steps are repeated in any 
I II order until the desired topology is achieved. Since the ordering of such steps can be arbitrary, 
r^l more structure can be added by broking this con^onent into three subcontinents, 
ttl 

p The first subcon^onent is the selection of the order in which each interconnection network is 
^5 rewired into the desired topology. The order can be arbitrary, however, since the path 
O redundancy is greatest in the middle of the network, the best order has been found to start with 

the middle row or the closest to ike middle. The subsequ^t rows should be ordered with those 

closest to the middle first anddioi^ &rdiest away fi^mthe middk hst, 

3j) The second subcomponent, which is optional, is the permutation of ports described above. This 
step should always be taken before rewiring an interconnection network, if such a permutation 
can be performed logically so that no traffic disruption occurs. This step mmimizes bandwidtb 
reduction during the rewiring of an interconnection network. 

35 The third subconq)onent is the revwring phase. This is accon5>lished by systematically 
disconnecting firom a selected port any misconnected connection to that port and to the 
corresponding port to which the selected port is to be connected. With any misconnections 
disconnected, the selected port and its appropriate corresponding port may then be connected. In 
order to minimize the intact on the throughput bandwiM, priority in the port selection process 

40 should be given to selecting ports not currently connected. This introduces a plethora of port 
selection algorithms. Additional prefer^ces, contribute to better dirou^irt bandwidth during 
the upgrade pmcess. 

The final component is relatik^ely sin5>le. All external connections that are not afready 
45 connection should be connected and placed into i^rvice. 
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Bj^gcrqiiioB of As^t^ntloB 

A mfamdaiit blccking x^nipensat^ cyclic group (RBCCG) multistage netwoik, is shown in Kg. 
2 and di^ussed further in United States Patent 5,841,775, "Scalable Switching Networks" by 
5 Alan Huang, Nov. 24, 1998. It consists of rows of routm or other switching elemaits. These 
row s of routers are connected together via interconnection netw orks. The routers are designated 
R(row, cohinm) vjh&re the top left most router is denoted R(0,0). The top ports of each router 
are numbered from left to right starting with 0. The bottom ports of each router are numbered 
from left to right starting with 0, The top ports of each intercomection network are numbered 
10 from left to right starting with 0. The bottom ports of each interconnection network aise numbered 
from left to right starting with 0. 

This method applies routers or switching elements for which ports rmy added without having to 
shutdown the router, fii Fig. 2, the hatched areas on each router indicate potential insertion points 
15 for new ports. Typically, routers are expanded by the addition of new line cards. Insertion of a 
new line card may add more than a single port. In general^ many ports can be added using the 
methods described here. In addition, a single line card with two or more ports may be installed to 
S provide both additional top and bottom ports to a router. For the purposes here, the metbod is 
Ci applied to the expansion of a single top port and a smgle bottom port for each router, as shown in 
M Fig. 3A. With the new ports added, interconnection networks 10, 1 1, and 12 need to be rewired 
^{ to look like interconnection netwotk 20 as shown m Big. 3B. 

Or 

The most general form of the upgrade process is given by Rg. 7A, with supporting fimctions 

J given in fig. 7C, and flowcharted in Mg. 11. The first major step is to add the desired new ports 

@ to each routers. This is depicted in lig, 7A and Kg. 11 with a algorithmic loop. Though no 

fy specific order is given for which the routers are augmented, they may be augmented in any order. 

H No particular order has any advantage in terms of minimizing traflBc disruption or mmibjer of 

O steps. The choice may come down to wWch is physically more convenient. 

^30 The upgrade process continues after Ihe ports are added by selecting any port which is 
misconnected vwth respect to the desired final topology. The order of selection does have an 
intact on tibie disruption of traffic and even the number of total steps. A more systematic and 
organized approach is; given below in a refinement of diis algorithm. Once a port is selected it is 
rewired by connecting it to its appropriate port with respect to the final topology. Henceforth, 

35 tWs port will be known as its correspondmg port. The remainder of the algoriflmi in Kg. 7 A and 
flowchart Kg. 11 is a detailed description of the rewiring based on the connection states of the 
port and its corresponding port. 

There is also an optional branch in the upgrade process. In scanning the routers, one may 
40 discover routers for which some connections originate from the correct routers (with rei^ect to 

the desired final topology) but connect to the wrong port. If a logical i^assignment of port 

addresses were possible, achieving a virtual port permutation while leaving the physical 

connections unchanged. This would reduce the number of connections that need to be broken. 

This step, as indicated by the optional branch, may be executed at any time, that is it need not be 
45 executed in every loop of the algorithm. For mstance, the sequoice could be rewire, relabel, 

relabel, relabel, rewire, rewire, relabel, rewire, etc. A more systematic ^roach is given in a 

refined version of the upgrade algorithm. 
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The final step in this process is to connect and activate any new ext^nal ports that resott from 
the addition of new ports m this upgrade process. 

The upgrade process is refined in Kg, 7B with flowchart in Kg* 12. The first part with depicting 
5 the port addition and the last step involving the activation of new external ports are the same as 
the more general algorithm. The distmction is that the re\wing and the optional relabeling is 
made more systematic. The first refinement is that the process takes place row by row or more 
precisely interconnection network by interconnection network. This is illustrated by the creation 
of the '*i:ow_select" con^onent. Once a row is selected the optional '*telabel_ports" con^onent 
10 my be executed for that row. After that, a port that is part of the selected mterconnection 
network, by convention the interconnection network below the selected row, is selected by the 
^Wect_port" component and rewired to its corresponding port. These three conqionent 
algorithms are given in more detail below. 

15 Jn the examples given below, the process of "diverting traflfic" away fi-om a port and "stop 
divertmg traffic" from a port (dso called "allow traffic to flow" to a port as stated in Kg. 9C.) 
sliould occur automatically whenever a comiection is broken (disconnected) and when a 
0 connection is established, respectively if the routers are running standard routing protocols such 
0 as OSPF. However, the disconnection process may be streamlined by forcing new routing table 
^ information to be the routers prior to the connection being broken, thereby q^eeding the upgrade 
process and minimizmg the inq>act on traffic. Likewise, a forced change to tiie routing table may 
e^qpedite the fiill use of bandwidth after a new connection is established. In addition, to 
^: streamline the notation m the flowcharts. Fig. 14 and Fig. 15, the act of disconnection also 
f ■ implies the diversion of traffic from its attached ports prior to the breaking of the connection, 
Also, the act of connecting two ports inq>lies tiie allowing of new traffic flow throu^ the two 
fij ports (or equivalently the "stopping of the diversion of traffic" from the two ports) after the 
yi attachment of a connection between the two ports. 

o 

Q The '*row_select" algorithms selects a sequencing of the interconnections between rows. Each 
ft& interconnection shall be called by the row number, \^ose bottom ports the interconnections are 

attached to. This sequence must include all the interconnections, but may be in any order. Fig. 

8A shows the best "Vow^select" algorithm Fig. 8B ^ows another common '^ow^select'" 

algorithm. Fig. 13A and Fig. 13B show the respective flowcharts. 

35 There is an optional relabelj)orts stage, which will be described later. The remainmg con^onent 
of the '"upgrade" algorithm is the "select_port" port algorithna. During the rewiring of each 
interconnection network, the basic '"upgrade" algorithm calls for the selection of any port, top or 
bottom not properly connected to it's appropriate corresponding port in accordance with 20 of 
Rg. 3B. Though any port may be selected at each st^, it has been found that priority should be 

40 given to ports that are not already connected. If a port that is already connected is selected, it 
may introduce an additional disconnection resulting in degradation of throughput bandwidth, 
lig. 9A, lig. 9B and Kg. 9C show three common "select_port" algorithms. Corresponding 
flowcharts are shown in lig. 14A, lig. 14B, and Fig. 14C. 

45 Though there are many possible combinations of upgrading, even based on the two '"tow^select" 
algorithms, and thrw "select jport" algorithms already described here. The b^ combination is 
described in detail, employing the algorithm in Eig. 8A for the row selection and the algorithm in 
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Rg. 9A for port selectiott. Since all three interconnections, 10, 11, and 12 of Fl®. 3A are 
idCTtical, the rewiring is shown only in detail for the first iteration of rewiring. 

The process b^ns by selecting bottom port 3 of R(l,4) because scanning £rom right to left, it is 
lie first port bottom or top not comiected to anything and whose corresponding port (according 
to Fig. 3B) is ako not connected to anything; establishing a new coonectiott between bottom port 
3 of R(l,4) and top port 3 of R(2,4) as ^own in Fig. 4A; starting bottom port 3 of R(l,4) and top 
port 3 of R(2,4); and stop divarting the traflBc firom bottom port 3 of R(l,4) and top port 3 of 
R(2,4). 



The process continues by selecting bottom p(Ht 3 of R(l,3) because scaaning firom right to left, it 
is the first port bottom or top not connected to anything and in^ose coiresponding port 
(according to Rg. 3B) is also not connected to anything; e^ablishing a new connection between 
bottom port 3 of R(l,3) and top port 3 of R(2,0) as shown in Fig. 4B; starting bottom port 3 of 
15 R(l,3) and top port 3 of R(2,0); and stop diverting the ti^ffic from bottom port 3 of R(l,3) and 
topport3ofR(2,0). 

^ Scannmg from right to left, no port, top or bottom, has a correspondmg port which is not 
p connected. Again, scanning from right to left, top port 3 of R(2,3) is not connected to anything 
^ with correi^QBdiBg port according to Rg. 3B, bottom port 2 of R(l,4). Bottom port 2 of R(l,4) is 
currently oonn^ed to tap port 2 of R(2,4). The brealdng of tiiis connection does not leave roirter 
R(l,4) or router 1^2,4) with more than one brokm connection. This conipktes tiie selection 
process for this step. 



^ With top port 3 of R(2,3) selected and recalHng that its corre^onding port, bottom port 2 of 
?fi R(l,4), is comiected to top port 2 of R(2,4), the process continues by diverting traflBc from 
[S bottom port 2 of R(l,4) and top port 2 of R(2,4); stopping bottom port 2 of R(l,4) and top port 2 
5 of R(2,4); disconnectmg bottron port 2 of R(l,4) and top port 2 of R(2,4) and moving the 
p disccamected connection to top port 3 of R(2,3) as shown in Rg. 4C; starting top port 3 of R(2,3) 
m and bottom port 2 of R(l,4); and stop divertnig the traffic from top port 3 of R(2,3) mi bottom 
port2ofR(l,4). 

Scmming from right to left, no port, top or bottom, has a corresponding port wMdi is not 
connected. Again, scanning from right to left, top port 2 of R(2,4) is not connected to anything 

35 with corre^onding port according to Rg. 3B, bottom port 2 of R(l,3). Bottom port 2 of R(l,3) is 
currently connected to top port 2 of R(2,l). The breaking this connection introduces a second 
bfok^ conneGtifm to R(2,1X so top port 2 of R(2,4) is not selected. Ckmtisning to scan from 
right to left, bottom port 3 of 1^1,2) is not connected to anything with corresponding port 
according to Rg. 3B, top port 2 of R(2,l). Top port 2 of R(2,l) is currently connected to bottom 

40 port 2 of R(l,3). The breaking this connection introduces a second broken connection to R(2,l), 
so bottom port 3 (tf R(l,2) is not selected. Continaing to scan from ri^t to feft, top port 3 of 
R(2,2) is not connected to anything witb corresponding port according to Rg. 3B, bottom port 1 
of R(l,4). Bottom port 1 of R(l,4) is currentiy connected to top port 2 of R(2,3). The breaking of 
this connection does not leave router R(l,4) or router R(2,3) with more tiian one broken 

45 connection. This completes the selection process fi>r Ibis i^ep. 



With top port 3 of R(2,2) selected and recaffing that its corre^onding port, bottom port 1 of 
R(l,4), is connected to top port 2 of R(2,3), Ibe process continues by diverting teaffic from 
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bottom port 1 of R(l,4) and top port 2 of R(2,3); stopping bottom port 1 of R(l,4) and top port 2 
of R(2,3); disconnecting bottom port 1 of R(l,4) and top port 2 of R(2,3) and moving the 
disconnect^ connection to top port 3 of R(2,2) as i^own in Kg. 4D; Parting top port 3 of R(2,2) 
and bottom port 1 of R(l,4); and stop diverting the traffic from top port 3 of R(2,2) and bottom 
5 port 1 of R(l,4). 

Scanning from right to left, no port, top or bottom, has a corresponding port \!v^ch is not 
connected. Again, i^janning from right to left, top port 2 of R(2,4) is not connected to anything 
with corresponding port accordmg to Rg. 3B, bottom port 2 of R(l,3). Bottom port 2 of R(l,3) is 

10 currently connected to top port 2 of R(2,l). The breaking this connection introduces a second 
brokeo connection to R(2,l), so top port 2 of R(2,4) is not selected. Continuing to scan from 
right to left, top port 2 of R(2,3) is not connected to anything with corresponding port according 
to Rg. 3B, bottom port 1 of R(l,3). Bottom port 1 of R(l,3) is currently connected to top port 2 
of R(2,0). The breaking of tMs connection does not leave router R(l,3) or router R(2,0) with 

15 more than one broken connection. This conq^letes the selection process for this step. 

With top port 2 of R(2,3) selected and recalling that its correspmiding port, bottom port 1 of 
S R(l,3), is connected to top port 2 of R(2,0), the process continues by diverting traffic from 
5 bottom port 1 of R(l,3) and top port 2 of R(2,0); stopping bottom port 1 of R(l,3) and top port 2 
S9 of R(2,0); disconnecting bottom port 1 of R(l,3) and top port 2 of R(2,0) mi moving the 
Ml disconnected connection to top port 2 of R<2,3) as diown in Rg. 4E; starting top port 2 of R(2,3) 
O andbottomport 1 of R(l,3); and stop diverting Ae traffic fiomtop pent 2 of R(2,3) andbottcmi 
ttj port 1 of R(l,3). 

|§ Scanning from right to left, no port, top or bottom, has a corresponding port which is not 
J; connected. Again, scanning from ri^t to left, top port 2 of R(2,4) is not connected to anything 
with corre^onding port according to Rg. 3B, bottom port 2 of R(l,3). Bottom port 2 of R(l,3) is 
p currently connected to top port 2 of R(2,l). The breaking this connection introduces a second 
Cl broken comiection to R(2,l), so top port 2 of R(2,4) is not selected. Continuing to scan from 
pjl right to left, bottom port 3 of R(l,2) is not connected to anythmg wifli corresponding port 
according to Rg. 3B, top port 2 of R(2,l). Top port 2 of R(2,l) is currently connected to bottom 
port 2 of R(l,3). The breaking this connection introduces a second broken connection to R(2,l), 
so bottom port 3 of R(l,2) is not selected. Continuing to scan from right to left, bottom port 3 of 
R(l,l) is not connected to anything with corresponding port according to Fig. 3B, top port 1 of 
35 R(2,2). Top port 1 of R(2,2) is currently connected to bottom port 1 of R(l,2). The breaking this 
connection introduces a second broken connection to R(l,2), so bottom port 3 of R(l,l) is not 
selected. Continuing to scan from right to left, top port 3 of R(2,l) is not connected to anything 
with corresponding port according to Fig. 3B, bottom port 0 of R(l,4). Bottom port 0 of R(l,4) is 
currently connected to top port 2 of R^2,2). The breaking of this connection does not leave router 
40 R(l,4) or router R(2,2) with more than one broken connection. This completes the selection 
process for this step. 

With top port 3 of R(2,l) selected and recalling that its corresponding port, bottom port 0 of 
R(l,4), is connected to top port 2 of R(2,2), the process continues by diverting traffic from 
45 bottom port 0 of R(l,4) and top port 2 of R(2,2); stopping bottom port 0 of R(l,4) and top port 2 
of R(2,2); disconnecting bottom port 0 of R(l,4) and top port 2 of R(2,2) and moving the 
disconnected connection to top port 3 of R(2,l) as shown in Rg. 4F; starting top port 3 of R(2,l) 



10 

and bottom port 0 of R(l,4); and stop divertkg the traffic from top p<Kt 3 of R(2,l) md bottom 
portOofR(M). 

Scanning from right to left, no port, top or bottom, has a corresponding port vMch is not 
5 connected. Again, scanning from right to left, top port 2 of R(2,4) is not connected to anything 
with corresponding port according to Fig. 3B, bottom port 2 of R(l,3). Bottom port 2 of R(l,3) is 
curr^tly connected to top port 2 of R(2,l), The breaking of this connection does not leave router 
R(l,3) or router R(2,l) with more than one broken connection. This con]pletes the selection 
process for this step. 

10 

With top port 2 of R(2,4) selected and recalling that its corresponding port, bottom port 2 of 
R(l,3), is connected to top port 2 of R(2,l), the process continues by diverting traflfic from 
bottom port 2 of ^1,3) and top port 2 of ^2,1); stopping bottom port 2 of 1^1,3) and top port 2 
of R(2,l); disconnecting bottom port 2 of R(l,3) and top port 2 of R(2,l) and moving the 
15 disconnected connection to top port 2 of R(2,4) as shown in Fig. 4G; starting top port 2 of R(2,4) 
and bottom port 2 of R(l,3); and stop dh^erting the traffic from top port 2 of R(2,4) and bottom 
port2ofR(l,3), 

Pi The process continues by selecting bottom port 3 of R(l,2) because scanning &om right to left, it 
S is the first port bottom or top not connected to anything and whose corresponding port 
HI (according to Fig. 3B) is also not comiected to anytiiing; establishing a new connection between 
0 bottom port 3 of ^1,2) and top port 2 of ^2,1) as shown in Fig. 4H; starting bottom port 3 of 
2^ R(l,2) and top port 2 of R(2,l); and stop diverting the traffiic from bottom port 3 of R(l,2) and 
topport2ofR(2,l). 

Scanning from right to left, no port, top or bottom, has a corresponding port ^ch is not 
connected. Again, scanning from right to left, top port 2 of R(2,2) is not connected to anything 
h with corresponding port according to Fig. 3B, bottom port 0 of R(1,3X Bottom port 0 of R(l,3) is 
Q curratly comiected to top port 1 of R(2,4). The breaking of this connection does not leave router 
PI R(l,3) or router R(2,4) with more than one broken connection. This conoqpletes the selection 
process for this step. 

With top port 2 of R(2,2) selected and recalling that its corresponding port, bottom port 0 of 
R(l,3), is connected to top port 1 of R(2,4), the process continues by diverting traffic from 
35 bottom port 0 of R(l,3) and top port 1 of R(2,4); stopping bottom port 0 of R(l,3) and top port 1 
of R(2,4); disconnecting bottom port 0 of 1^1,3) and top port 1 of R(2,4) and moving the 
disconnTOted connection to top port 2 of R(2,2) as sbown in Fig. 41; starting top port 2 of R(2,2) 
and bottom port 0 of R(l,3); and stop diverting the traffic from top port 2 of R(2,2) and bottom 
port 0 of R(l,3). 

40 

Scanning from right to left, no port, top or bottom^ has a corresponding port which is not 
connected. Again, scanning from right to left, top port 1 of R(2,4) is not connected to anything 
with corresponding port according to Fig. 3B, bottom port 1 of R(l,2). Bottom port 1 of R(l,2) is 
currently connected to top port 1 of R(2,2). The breakmg of this connection do^s not leave router 
45 R(l,2) or router R(2,2) with more than one broken coimection. This con^letes the selection 
process for this step. 
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With top port 1 of R(2,4) selected and recalling that its corre^onding port, bottom port 1 of 
VJ^IJIX is connected to top port 1 of R(2,2), the process continues by diverting traffic from 
bottom port 1 of R(l,2) md top port 1 of R(2,2); stopping bottom port 1 of R(l,2) and top port 1 
of R(2,2); disconnecting bottom port 1 of R(l,2) and top port 1 of R(2,2) and moving the 
5 disconnected connection to top port 1 of R(2,4) as shovm in Kg. 43; startmg top port 1 of R(2,4) 
and bottom port 1 of R(l,2); and stop diverting the traffic from top port 1 of ^2,4) and bottom 
port 1 of R(1,2X 

The process continues by selecting top port 1 of R(2,2) because scanning from right to left, it is 
10 the fibrst port bottom or top not connected to anything and whose corresponding port (according 
to Kg. 3B) is also not connected to anything; establishing a new connection between top port 1 
of R(2,2) and bottom port 3 of R(l,l) as shown in Kg. 4K; starting top port 1 of R(2,2) and 
bottom port 3 of R(l,l); md £top diverthig the traffic from top port 1 of R(2,2) and bottom port 3 
ofR(l,l). 

15 

Scanning from right to left, no port, top or bottom, has a corresponding port vdiich is not 
connected. Again, scanning from right to left, bottom port 3 of ^1,0) is not connected to 
pj anything with corresponding port according to Kg. 3B, top port 0 of R^2,3). Top port 0 of R^2,3) 
p is currently connected to bottom port 0 of R(l,l). The breaking of this connection does not leave 
^ rout^ RCl^l) or router R(2,3) with nujre thmi one broken connection. This con^letes the 
HI selection process for this step. 

SI With bottom port 3 of 1^1,0) selected and recalling that its corre^onding port, top port 0 of 
P R(2,3), is connected to bottom port 0 of R(l,l), the process continues by diverting traffic from 
|5 top port 0 of R(2,3) and bottom port 0 of R(l,l); stoppmg top port 0 of R(2,3) and bottom port 0 
J::J of R(l,l); disconnecting top port 0 of R{2,3) and bottom port 0 of R(l,l) and moving the 
^ disconnected connection to bottom port 3 of R(1,0) as shovm in Fig. 4L; starting bottom port 3 
|!j of R(1,0) and top port 0 of R(2,3); and stop diverting the traffic from bottom port 3 of B^1,0) and 
topport0ofR(2,3). 

i 

Scanning from right to left, no port, top or bottom, has a corresponding port vMch is not 
connected. Again, scanning from right to left, bottom port 0 of R(l,l) is not connected to 
anything with corresponding port according to Kg. 3B, top port 0 of R(2,4). Top port 0 of R(2,4) 
is currently connected to bottom port 1 of R(l,l). The breaking this connection introduces a 
35 second broken connection to R(l,l), so bottom port 0 of R(l,l) is not selected. Continuing to 
scan from right to left, top port 2 of R(2,0) is not connected to anything with corresponding port 
according to Fig. 3B, bottom port 2 of R(l,2). Bottom port 2 of 1^1,2) is curroitly connected to 
top port 1 of R(2,3). The breaking of this connection does not leave router R(l,2) or router 
R(2,3) with more than one broken connection. This con^letes tiie selection process for this st^. 

40 

Witii top port 2 of R(2,0) selected and recaUing that its corresponding port, bottom port 2 of 
R(l,2), is connected to top port 1 of R(2,3X the process continues by diverting traffic from 
bottom port 2 of R(l,2) and top port 1 of R(2,3); stopping bottom port 2 of R(l,2) and top port 1 
of R(2,3); disconnecting bottom port 2 of R(l,2) and top port 1 of R(2,3) and moving the 
45 disconnected connection to top port 2 of R(2,0) as shown m Kg. 4M; starting top port 2 of 
R(2,0) and bottom port 2 of R(l,2); and stop diverting the traffic from top port 2 of R(2,0) and 
bottom port 2 of R(l,2). 
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Scaimmg from right to left, no port> top or bottom, has a correspondSag port which is not 
comiected. Again, scanning from right to left, top port 1 of R(2,3) is not connected to anything 
with correi^ondmg port according to Kg. 3B, bottom port 0 of R(l,2). Bottom port 0 of R(l,2) is 
ciitrently comiected to top port 1 of R(2,l), The breaking of this connection does not leave router 
5 R(l,2) or router 1^2,1) with more than one brokoi connection. His con^letes tiie selection 
process for this step. 

With top port 1 of R(2,3) selected md recalling that its correi^onding port» bottom port 0 of 
R(l,2), is connected to top port 1 of R(2,l), the process continues by divertmg traffic from 
10 bottom port 0 of R(l,2) and top port 1 of R(2,l); stoppkg bottom port 0 of 1^1,2) and top port 1 
of R(2,l); disconnecting bottom port 0 of R(l,2) and top port 1 of R(2,l) and moving the 
disconnected cmmection to top port 1 of R(2,3) as shown in Hg. 4N; starting top port 1 of R(2,3) 
and bottom port 0 of R(l,2); and stop diverting the traffic from tofp port 1 of R(2,3) and bottom 
port0ofR(l,2), 

15 

Scanning from right to left, no port, top or bottom, has a corresponding port which is not 
connected. Again, scanning from right to left, top port 1 of R(2,l) is not <xnmected to anything 
g with corresponding port according to Fig, 3B, bottom port 2 of R(l,l). Bcrttomport 2 of R(l,l) is 
JriJ currently connected to top port 1 of R(2,0). The breakmg this connection mtroduces a second 
Id brok^ connection to R(1,1X ^ ^p port 1 of R(2,l) is not selected. Continuing to scan from 
right to left, bottom port 0 of R(l,l) is not connected to anything with corre^onding port 
Q according to Fig, 3B, top port 0 of R(2,4). Top port 0 of R(2,4) is correrrtly cmmected to bottom 
P3 port 1 of R(l,l). The breaking this connection introduces a second broken connection to R(1,1X 
ffl so bottom port 0 of R(l,l) is not selected. Since none of the ports that are not connected satisfy 
^ die second port selection critmon, the selection process continue by selecting the rightmost port 
^ not connected to anything, that is top port 1 of R(2,l). 

J^J With top port 1 of 1^2,1) selected and recalling that its corresponding port, bottom port 2 of 
R(14X is comiected to top port 1 of R(2,0), the process continues by divertmg traffic from 

^ bottom port 2 of R(l,l) and top port 1 of R(2,0); stepping bottom port 2 of R(l,l) and top port 1 
of R(2,0); disconnecting bottom port 2 of R(l,l) and top port 1 of R(2,0) md moving the 
disconnected connection to top port 1 of R(2,l) as shown in Kg. 40; startmg top port 1 of R(2,l) 
and bottx>ffl port 2 of R(l,l); and stop diverting the traffic from top port 1 of R(2,l) and bottom 
port2ofR(l,l). 

35 

Scanning from right to left, no port, top or bottom, has a corresponding port which is not 
connected. Again, scanning from ri^t to left, bottom port 0 of R(l,l) is not cMnected to 
anything wilh correspondmg port according to Fig. 3B, top port 0 of R(2,4). Top port 0 of R(2,4) 
is currently connected to bottom port 1 of R(l,l). The breaking this connection introduces a 

40 second broken connection to R(1,1X so bottom port 0 of R(l,l) is not selected. Continuing to 
scan from right to left, top port 1 of R(2,0) is not connected to anything with corresponding port 
accordmg to Rg. 3B, bottom port 1 of R{1,1). Bottom port 1 of R(l,l) is currently connected to 
top port 0 of R(2,4). The breaking this connection kitroduces a second broken connection to 
R(l,l), so top port 1 of R(2,0) is not selected. Since none of the ports that are not connected 

45 satisfy the second port selection criterioii^ the selection process continues by selecting the 
rightmost port not connected to anythmg, that is bottom port 0 of R(l,l). 
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With bottom port 0 of R(l,l) selected and recalling tiiat its corresponding port, top port 0 of 
R(2,4X is connected to bottom port 1 of R(1,1X the process continues by diverting traffic from 
top port 0 of R(2,4) and bottom port 1 of R(l,l); stopping top port 0 of R(2,4) and bottom port 1 
of R(l,l); disconnecting top port 0 of R{2,4) and bottom port 1 of R(l,l) and moving the 
disconnected connection to bottom port 0 of R(l,l) as shown k Rg. 4P; starting bottom port 0 
of R(l,l) and top port 0 of R(2,4); and stop diverting the traffic from bottom port 0 of R(l,l) and 
topport0ofR(2,4). 

The process continues by selecting bottom port 1 of R(l,l) because scanning from right to left, it 
is the first port bottom or top not connected to anything and v^hose corresponding port 
(according to Fig. 3B) is also not connected to anything; establishing a new connection between 
bottom port 1 of R(14) and top port 1 of R(2,0) as shown in Fig. 4Q; starting bottom port 1 of 
R(14) and top pOTt 1 of R(2,0); and stop diverting the traffic from bottom port 1 of R(l,l) and 
top port 1 of R(2,0). This coropletes the rewiring of interconnection network 11, betwe^ row 1 
and row 2. 

According to the 'Vow select'' algorithm shown m Fig. 9A, interconnection network 10 ^ould be 
rewired next. This is done by applying detailed rewiring just illustrated for ktercomiection 
network 1 1 to interconnection network 10. The results are shown hi Fig. 5A. 

Continuing, according to the '"row select" algorithm shown in Fig. 9A, interconnection networit 
12 should be rewired next. This is done by applying detailed rewiring just iUustrated for 
mterconnection network 11 to interconnection network 12. The results are shown in Fig. 5B. 

This conq)letM rewmng phase. All that is need^ to complete the &nout upgrade of the network 
shown m Fig. 3A is to connect and activate the external ports 13 and 14. 

In a more sophisticated system, connections to ports on the same routers roay be exchanged 
logically rather than physically. An exan^le of such a swap is illustrated when mt^coonection 
network 11 of Fig. 3 A is transformed into the interconnection network shown in Fig. 6 A by 
swapping bottom port 0 and bottom port 1 of router R(l,l). This may be acconq^lished logically 
by permanently diverting the traffic mtended for bottom port 0 of router R(l,l) to bottom port 1 
of router R(l,l) and the traffic intended for bottom port 1 of router R(l,l) to bottom port 0 of 
router R(l,l)* Even if such a logical exchange is not possible the ports may be in such physical 
proximity to each other that a physical swap can be made vdiile minimizmg the time which the 
disconnections occur resultmg m very little impact on throughput bandwidth. In addition, only 
port exchanges are used here, but natural extmsions to general port permutations may also be 
enq>loyed. 

Agam, rather than show a conq)lete upgrade employing the relabel, for the entire network. The 
upgrade and rewhing of mterconnection network 11 of Fig. 3A (which is the same as 
mterconnection networks 10, and 12 of Rg. 3A.) is siiown m great detail here. The detail 
algorithm is given in Fig. 10 and flow chart Fig. 15. Though the relabeling algorithm shown here 
starts by scanning bottom ports ^d scanning them from left to right. Neither is necessary, top 
ports can be considered first and the order of scanning just needs to be systematic, a Hnear scan 
is the sinq)lest. 
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The process begms by scanniiig bottom ports from left to right, R(l,l) is connected to R(2,4X but 
according to Big. 3B, bottom port 0 should be cwmected to R(2,4) mstead of bottom port 1. The 
coimectikm to those ports are swapped as shovm in Fig. 6A. 

The process continues by scanning bottom ports from left to right, R(l,l) is connected to VU[2,0), 
but according to Fig. 3B, b(Mom port 1 sliouM be connected to R(2,0) instead of bottom port 2. 
The connection to those poits are swapped as ^own in F^. 6B. 

The process continues by scannmg bottom ports from left to right, R(l,2) is conneaed to R(2,l), 
but according to i%. 3B, bottom port 3 should be connected to R(2,l) mstead of bottom port 0. 
The connection to those ports are swapped as shown in Mg. 6C. 

The process continues by scanning bottom ports from left to right, R(l,2) is connected to R(2,3), 
but according to Fig. 3B, bottom port 0 should be cMmected to R(2,3) instead of bottom port 2. 
The connection to those ports are swapped as shown in Fig. 6D. 

The process continues by scanning bottom ports from left to right, R(l,3) is Gomecbsd to R(2,4X 
but according to Fig. 3B, bottom port 2 should be connected to R(2,4) instead of bottom port 0. 
The connection to those ports are swiped as shown in fig. 6E. 

The process continues by scanning bottom ports from left to right, R(l,3) is connected to R(2,0X 
but accordmg to F^. 3B, bottom port 3 should be connected to R(2,0) mstead of bottom port 1. 
The connection to those ports are swapped as shown in Fig, €F. 

The process conthmes by scanning bottom ports from left to right, 1^1,4) is connected to R(2,2X 
but according to Fig. 3B, bottom port 1 ^ould be connected to R(2,2) instead of bottom port 0. 
The connection to those ports are swiped as shown in Fig. 6G. 

The process ccmthmes by scanning bottom ports from left to right, R(l,4) is connected to R(2,3), 
but accordmg to Fig. 3B, bottom port 2 should be connected to ^2,3) mstead of bottom port 0. 
The connection to those ports are swapped as shown in F^. 6H. 

The process condnues by scanning bottom pcnts from left to right, 1^1,4) is connected to I^2,4X 
but acccnrding to Fig. 3B, bottom port 3 should be connected to R(2,4) instead of bottom port 0. 
The connecticm to those ports are swapped as shown in Fig. 61. 

S<»nnmg from left to right all bottom ports that should be swapped are swapped. Jn this exanqjle, 
the next step occurs by scanning top ports now from right to teft. Hie direction is not important, 
but is reversed here purely for aesthetic value. In &ct, any systematic scan will work. Unlike the 
scanning of bottom ports^ the top ports should be connected to the correct bottom port, not just 
the ccnrect router. 

The process continues by scannmg top ports from right to left, R(2,4) is contted;ed to bottom port 
3 of R(1,4X but according to Fig. 3B, top port 3 should be connected to bottom port 3 of R(l,4) 
instead of top port 2. The conne(^on to those ports are swapped as showi m Fi^. 6J. 
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The process contmues by scanning top ports from right to left, R(2,4) is connected to bottom port 
2 of R(l,3), but according to Rg, 3B, top port 2 should be connected to bottom port 2 of R(l,3) 
instead of top port 1. The connection to those ports are swapped as shown in Fig. 6K, 

The process contmues by scanning top ports from right to left, R(2,3) is connected to bottom port 

2 of R(1,4X but according to ¥ig. 3B, top port 3 should be connected to bottom port 2 of R(l,4) 
instead of top port 2, The connection to those ports are swapped as shown in Fig, 6L. 

The process continues by scanning top pOTts from right to left, R(2,2) is connected to bottom port 
1 of R(1,4X but according to Fig. 3B, top port 3 should be connected to bottom port 1 of R(l,4) 
instead of top port 2. The connection to those ports are swapped as shown in Fig. 6M. 

The process continues by scanning top ports from right to left, R(2,l) is connected to bottom port 

3 of R(l,2), but according to Fig. 3B, top port 2 should be connected to bottom port 3 of R(l,2) 
instead of top port 1. The connection to those ports are swapped as shown in Fig. 6N. 

The process continues by scanning top ports from right to left, R(2,0) is connected to bottom port 
3 of R(l,3), but according to Rg. 3B, top port 3 should be connected to bottom port 3 of R(l,3) 
instead of top port 2. The connection to those ports are swapped as shown in Fi^. 60. 

This con^letes the scanning of the top ports, and the rekbeling process. The process contmues 
by enq>loy]ng tihie same "select jport" algorithm as in F^. 9A as before. 

The process contmues by selecting bottom port 0 of R(l,4) because scanning from right to left, it 
is the first port bottom or top not connected to miything and \^ose corresponding port 
(according to Fig. 3B) is also not connected to anything; establishing a new connection between 
bottom port 0 of R(l,4) and top port 3 of R(2,l) as diown in Fig. 6P; starting bottom port 0 of 
R(l,4) and top port 3 of R(2,l); and stop divertmg the traffic from bottom port 0 of R(l,4) and 
topport3ofR(2,l). 

The process continues by selecting top port 2 of R(2,3) because scanning from right to left, it is 
the first port bottom or top not connected to anything and whose corresponding port (according 
to Fig. 3B) is also not connected to anything; establishing a new connection between top port 2 
of R(2,3) and bottom port 1 of R(l,3) as showti m Rg. 6Q; startmg top port 2 of R(2,3) and 
bottom port 1 of R(l,3); and stop divertmg the traffic from top port 2 of R(2,3) and bottom port 1 
ofR(l,3). 

The process continues by selecting bottom port 2 of R(l,2) because scanning from right to left, it 
is the first port bottom or top not connected to anything and \^4iose corresponding port 
(according to Kg. 3B) is also not connected to anything; establishing a new connection between 
bottom port 2 of R(l,2) and top port 2 of R(2,0) as shown m Fig. 6R; starting bottom port 2 of 
R(l,2) and top port 2 of R(2,0); and stop diverting the traffic from bottom port 2 of R(l,2) and 
topport2ofR(2,0). 

Scanning from right to left, no port, top or bottom, has a corresponding port which is not 
connected. Again, scanning from right to left, top port 1 of R(2,4) is not connected to anything 
with corre^ondmg port according to Rg. 3B, bottom port 1 of R(l,2). Bottom port 1 of R(l,2) is 
currently connected to top port 1 of R(2,2X The breaking this connection introduces a second 
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broken comTOtion to 8^2,2), so top port 1 of R(2,4) is not selected. Continuing to scan from 
right to left, top port 2 of R(2,2) is not connected to anything with corresponding port according 
to Mg. 3B, bottom port 0 of R(l,3). Bottom port 0 of R(l,3) is currently connected to top port 1 
of R(2,l). The breaking of this connection does not leave router R(l,3) or router R(2,l) with 
5 more than one broken connection. This conq>letes the selection process for tbis step. 

With top port 2 of R(2,2) elected and recalling that its corresponding port, bottom port 0 of 
R(l,3), is connected to top port 1 of R(2,1X the process continues by diverting traffic from 
bottom port 0 of R(l,3) and top port 1 of R(2,l); stopping bottom port 0 of R(l,3) and top port 1 
10 of R(2,l); disconnecting bottom port 0 of ^1,3) and top port 1 of R(2,l) and moving the 
disconnected connection to top port 2 of R(2,2) as sbown in ilg. 6S; starting top port 2 of R(2,2) 
and bottom port 0 of R(l,3); and stop diverting the traffic from top port 2 of R(2,2) and bottom 
port0ofR(l,3). 

15 Scanning from right to left, no port, top or bottom, has a corresponding port vMch is not 
connected. Again, scanning from right to left, top port 1 of R(2,4) is not connected to anything 
with corresponding port according to Fig. 3B, bottom port 1 of R(l,2). Bottom port 1 of R(l,2) is 
p currently connected to top port 1 of R(252). The breaking of this connection does not leave router 
0 R(l,2) or router R(2,2) with more than one broken connection. This con^letes the selection 
process for this step. 
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With top port 1 of R{2,4) selected and recalling that its corresponding port, bottom port 1 of 
R(l,2), is connected to top port 1 of R(2,2), the process continues by diverting traffic from 
bottom port 1 of R(l,2) and top port 1 of R(2,2); stopping bottom port 1 of R(l,2) and top port 1 
of R(2,2); disconnecting bottom port 1 of R(l,2) and top port 1 of R(2,2) and moving the 
disconnected connection to top port 1 of R(2,4) as shown in Mg. 6T; starting top port 1 of R(2,4) 
U md bottom port 1 of R(l,2); and stop diverting the traffic from top port 1 of R(2,4) and bottom 
g port 1 of R(l,2). 

The process continues by selecting top port 1 of R(2,2) because scanning from right to left, it is 
the first port bottom or top not connected to anything and v^ose corresponding port (according 
to Kg. 3B) is also not connected to anything; establishing a new connection between top port 1 
of R(2,2) and bottom port 3 of R(l,l) as skown in Rg. 6U; starting top port 1 of R(2,2) and 
bottom port 3 of R(l,l); md stop diverting the traffic from top port 1 of R(2,2) and bottom port 3 
35 ofR(l,l). 

Scanning from right to left, no port, top or bottom, has a corresponding port vMch is not 
connected. Again, scanning from right to left, top port 1 of R(2,l) is not connected to anything 
with corresponding port according to Fig. 3B, bottom port 2 of R(l,l). Bottom port 2 of R(l,l) is 
40 currently connected to top port 0 of R(2,3). The breaking of this connection does not leave router 
R(l,l) or router R(2,3) with more than one broken connection. This con^letes the selection 
process for this step. 

With top port 1 of R{2,1) selected and recalling that its corresponding port, bottom port 2 of 
45 R(l,l), is connected to top port 0 of R(2,3), the process continues by diverting traffic from 
bottom port 2 of R(l,l) and top port 0 of R(2,3); stopping bottom port 2 of R(l,l) and top port 0 
of R(2,3); disconnecting bottom port 2 of RO^l) and top port 0 of R(2,3) and moving the 
disconnected connection to top port 1 of R(2,l) as shown in Kg. 6V; starting top port 1 of R(2,l) 
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and bottom port 2 of R(l,l); and stop diverting tiie traffic from top port 1 of R(2,l) and bottom 
port2ofR(l,l). 

The process continues by selecting top port 0 of R(2,3) because scanning from right to left, it is 
5 the first port bottom or top not connected to anything and \^ose corresponding port (according 
to Fig. 3B) is also not connected to anything; establishing a new connection between top port 0 
of R(2,3) and bottom port 3 of R(1,0) as shown in Fig. 6W; Parting top port 0 of R(2,3) and 
bottom port 3 of R(1,0); and stop diverting the traffic from top port 0 of R(2,3) and bottom port 3 
ofR(l,0). 

10 

This con^letes the relabel and rewire phase applied to interconnection network 1 1 of fig. 3A. In 
a conoplete upgrade, this algorithm could then be applied to interconnection network 10 of Fig* 
3A, and finally interconnection network 12 of Rg. 3B in accordance with the first '"row^select" 
algorithm of Kg. 8. After all the interconnection networks are con5>leted, the upgrade is finished 
15 by connecting and activating external connections 13 and 14. 

1^. The process depicted in application may be used also to reduce the 6nout of routers in a 
P network. Sinq^ly reverse tiie process shown here. In sunmiary, the process would involve 
O disconnecting external connections to ports to be removed; rewiring each interconnection 
network in the same manner as those described above; and finally removing the unwired ports. 

Ill 

Though this invention is applied to a RBCCG network composed of rows of routers of consistent 
J number per row and finout per router. It may be applied to fiult tolerant networks composed of 

rows of routers of varying number per row and fanout per router where tiie rows are connected 
h with interconnection networks of tiie same type as that used m a RBCCG network It also applies 
ffj to any multistage network which can be expanded by fanout since the action of adding ports 

induces feult tolerance. In addition, it is not restricted to routers and may be applied to networks 
CI composed of other types of switching elements. 

i 

n 

Although the present invention has been described above in terms of specific embodiments, it is 
anticipated that alteration and modifications thereof will no doubt become apparent to those 
skilled in the art. It is therefiire mtended that the following claims be interprrted as covering all 
such alterations and modifications as &lling within the true spirit and scope of the invention. 



